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INTRODUCTION 
Major advancements are being made in the field of proteomics with mass spectro-
metric identification of proteins separated by two-dimensional gel electrophoresis (2-DE), 
currently (FURUTA et al., 2002; 0HISHI, 2002; KONDO, 2004). 2-DE can reveal virtually 
all proteins present in various cells and tissue at any given time, and prepare respective 
proteins for protein identification and/or protein structural analysis. High-resolution 2-
DE should be capable of preparing sufficient amounts of each protein for such structural 
analysis methods as amino acid sequencing or mass spectrometry ( 0HISHI, et al., 2000). 
To date, I try the novel technology to fractionate lectin related proteins in the hemo-
lymph of the domesticated silkworm, Bombyx mori, by two-dimensional polyacrylamide 
gel electrophoresis (2-D PAGE), in relation to the investigation of the activation of the 
Bombyx lectin (KATO, 2004, 2005). 
Generally, biological activities elicited by lectins include cell agglutination, mitosis, 
apoptosis and so on. For these activities, animal lectins seem to play an important role in 
the defense mechanism of the living body, as removal of a foreign matter or a biopolymer 
which has lost the normal function in the living body (KOTANI et al., 1995; FUJITA et al., 
1998; KAWABATA, 2000; FURUTA et al., 2001; KAWASAKI, 2001; WAGO, 2001; KOYAMA 
et al., 2002 ; UJITA et al., 2002 ; HIRABAYASHI, 2004,). 
I showed that a humoral lectin (130 K-glycoprotein) of the B. mori played a physi-
ological role on cellular communication throughout the metamorphosis of the B. mori 
(KATO et al., 1994). I also emphasized the possibility that the humoral lectin was pro-
duced and activated in the fat body of the B. mori, and that it was secreted into the 
hemolymph (KATO et al., 1998). Moreover, I reported on neuraminidase as the Bombyx 
humoral lectin activating factor (KATO and NAKAMURA, 2000). Meanwhile, I tried to make 
a study on galactosidase because the active Bombyx humoral lectin halted the activity, 
when it was treated with galactosidase in vitro (KATO et al., 1988). The result showed 
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that both a -galactosidase activity and f3 -galactosidase activity were present in the hemo-
lymph and the fat body of the B. mori (KATO and NAKAMURA, 2001 ; KATO, 2002, 2003). 
My purpose in this paper is to approach proteomic analysis of Bombyx humoral 
lectin related proteins by 2-D PAGE using the 2-D minislab system, i.e., to continue with 
my study to obtain perfect profiles of 2-D PAGE by indicating the electric point and the 
molecular weight. 
This investigation provides useful information for understanding of the activation 
mechanism and the original role of the lectin protein in vivo. 
MATERIALS and METHODS 
(1) Two-dimensional polyacrylamide gel electrophoresis 
Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) was performed 
using the 2-D minislab system (Atto Corp.). The proteins were subjected to agar gel for 
isoelectric focusing (the first dimension) with a linear immobilized pH gradient. Electro-
phoresis was carried out for 210 min with a constant voltage of 300 V per gel tube. The 
proteins were then separated by SDS-PAGE (10%) in the second dimension, and electro-
phoresis was carried out for 90 min with a constant electric current of 20 rnA per gel. 
After electrophoresis, the slab gel was stained with Rapid Stain CBB (Coomassie 
Brilliant Blue) Kit {NAKALAI Tesque Inc.) and then destained with distilled water. The 
Coomassie stained 2-D PAGE gel was interposed between two wet cellophane sheets to 
be dried in a Rapid Dry Mini type AE-3711 (Atto Corp.). 
(2) Preparation of samples 
A hybrid race, Shunrei X Shougetu, of the domesticated silkworm, Bombyx mori, was 
used in this experiment. In preparing the samples for this research, hemolymph and fat 
body were collected. The hemolymph was collected by cutting the pleopods and abdomi-
nal legs of the larvae. After centrifuging them at 3,500 rpm for 15 min at 4 oC to remove 
hemocytes, the resulting supernatant was lyophilized. Meanwhile, the fat body was col-
lected from the dissected larvae, washed carefully in a cold 0. 7% N aCl solution to remove 
hemocytes and homogenized in a glass homogenizer with a Teflon pestle. After centri-
fuging them at 3,500 rpm for 15 min at 4 "C, the resulting supernatant was lyophilized. 
Gel filtration was performed using a Superdex 200 column (2.6 X 60 em, Amershan 
Pharmacia Biotech Ltd.) equilibrated with 0.1 M Tris-HCl buffer (pH 8.0) containing 0.1 
M NaCl, at a constant flow rate of 150 rnl/hr. The effluent was collected in 5 ml fractions 
and measured at 280 nm with a Shimadzu spectrophotometer type UV 1200. Each frac-
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tion was obtained from the hemolymph or the fat body by this method. 
RESULTS and DISCUSSION 
Initially, the comparative study was performed on pH range for isoelectric focusing (the 
first dimension). Isoelectric point Kit proteins were subjected to agar gel for isoelectric fo-
cusing (the first dimension) with a linear immobilized pH gradient. Namely, the compari-
son of the profiles using gel of pH range 5-8 and gel of pH range 3-10 showed that 
clearer profile was obtained using the gel of pH range 5-8 rather than the gel of pH 
range 3-10 (data not shown). Accordingly, I tried to estimate the isoelectric point of each 
sample protein using the gel of pH range 5-8. Table 1 summarizes the relationship of mo-
lecular weight and Rf (Rate of flow) value of six marker proteins on SDS-PAGE (the sec-
ond dimension). Accordingly, I tried to estimate the molecular weight of each sample 
using the relationship of molecular weight and Rf value as shown in Table 1. 
Figure 1 shows two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) pat-
tem of standard f3 -galactosidase, grade III from bovine liver by Sigma Corp. using the 2-
D minislab system. Four mg of the standard f3 -galactosidase was solubilized with 1 ml of 
the first dimension sample buffer containing 0.1 M Tris, 6 M urea, 1M thiourea, com-
plete mini EDT A-free (a grain 10 ml ), 1% CHAPS, 1% Triton X-100 and 1% DTT, and 
then 25 JLl of the solution was subjected to agar gel (pH range 5-8) for isoelectric focusing 
(the first dimension). Mter the first dimension run was complete, the tube gel was loaded 
on the slab gel for 2-D PAGE with SDS-PAGE buffer containing 0.5 M Tris-HCl (pH 6.8), 
glycerol, 10% SDS, 5% bromophenol blue. The horizontal way of Fig. 1 showed the first 
dimension ClEF) electrophoresis and the vertical way showed 2-D PAGE. The right lane 
in the gel of Fig. 1 shows SDS-PAGE profile of Low molecular weight Kit protein. The 
molecular weights (X 10-3 ) of marker proteins were indicated to the right of Fig. 1. The 
Table 1 The relationship of molecular weight and Rf value of SDS-PAGE mo-
lecular mass marker proteins 
Protein Molecular Weight Rf (Rate of flow) Value 
Phosphorylase b 97,000 0.32 
Bovine Serum Albumin 66,000 0.457 
Ovalbumin 45,000 0.543 
Carbonic Anhydrase 30,000 0.657 
Trypsin Inhibitor 20,100 0.714 
a-Lactalbumin 14,400 0.814 
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pH gradient (pH5-8) 
pH5-----------------pH8 kDa 
30 
20.1 
14.4 
Fig. 1 2-D PAGE pattern of standard f3 -galactosidase, grade III from bovine liver by Sigma Corp. 
pH gradient (pH5-8) 
pH5------------------pH8 kDa 
Fig. 2 2-D PAGE pattern of the larval hemolymph in Bombyx mori. 
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result showed that the standard f3 -galactosidase gave some clear spots in the gel, and 
that isoelectric point (pi) and molecular weight (MW) of main protein spots were esti-
mated at pH 6.0~6.5 and 14.4 kDa~45 kDa, respectively. 
Figure 2 shows a 2-D PAGE pattern of the larval hemolymph in the domesticated 
silkworm, Bombyx mori, on day 10 in the fifth instar. The result indicated that the larval 
hemolymph proteins were separated clearly, i.e., some distinct spots were obtained in the 
gel. I estimated pi and MW of main spots at pH 6.0~6.5 and 14.4 kDa~45 kDa, respec-
tively. On the other hand, the 2-D PAGE profile of the larval fat body in the B. mori on 
day 10 in the fifth instar obtained by this method was not good as shown in Fig. 3, i.e., 
no clear spot was obtained in the gel. Judging from Fig. 2 and Fig. 3, more distinct 2-D 
PAGE profile was obtained from the larval hemolymph than the larval fat body. 
Figure 4 shows a 2-D PAGE profile of the pupal hemolymph in the B. mori on day 3 
after pupation. The result showed that the pupal hemolymph proteins were separated 
clearly, i.e., some distinct spots were obtained in the gel. I estimated pi and MW of main 
spots at pH 6.0~6.5 and 14.4 kDa~45 kDa, respectively. The distinct 2-D PAGE pattern 
of the larval hemolymph was obtained as good as that of the pupal hemolymph as shown 
in Fig. 2 and Fig. 4. However, I obtained a poor 2-D PAGE pattern of the pupal fat body 
in the B. mori by this method, i.e., no clear spot was obtained in the gel (data not 
pH gradient (pH5-8) 
pH5-----------------pH8 
Fig. 3 2-D PAGE pattern of the larval fat body in Bombyx mori. 
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pH gradient (pH5-8) 
pH5---------------------pH8 kDa 
14.4 
Fig. 4 2-D PAGE pattern of the pupal hemolymph in Bombyx mori. 
shown). These observations indicate that more distinct 2-D PAGE profile was obtained 
from the pupal hemolymph than the pupal fat body. Namely, more distinct 2-D PAGE 
profile was always obtained from the hemolymph than the fat body as described above. 
Next, the gel filtration of the larval hemolymph of B. mori on the 10th day in the 
fifth instar was performed. A Superdex 200 column was equilibrated with 0.1 M Tris-HCl 
buffer containing 0.1 M NaCl (pH 8.0) and eluted with the same buffer. Three significant 
fractions, Fraction I, Fraction II and Fraction III were obtained by gel filtration and 
Fraction II was rich in both of a -galactosidase and f3 -galactosidase as described in my 
former report (KATo, 2005). Accordingly, I tried to study the possibility about further 
separation of Fraction II using the 2-D PAGE method. Figure 5 shows the result of 2-D 
PAGE on Fraction II obtained by gel filtration from the larval hemolymph of the B. mori. 
The result showed that Fraction II proteins gave two clear spots in the gel, and that pi 
and MW of them were estimated at pH 6.4~6.5 and 30 kDa~45 kDa, respectively as 
shown in Fig. 5. But the result showed that Fraction II proteins obtained by gel filtration 
from the larval fat body of the B. mori were separated faintly by this method (data not 
shown). These observations showed that clearer 2-D PAGE profile of Fraction II was ob-
tained from the larval hemolymph than the larval fat body. 
I conclude from these observations described above that the hemolymph protein, the 
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pH gradient (pH5-8) 
pH5--------------~-pH8 kDa 
Fig. 5 2-D PAGE pattern of the Fraction II obtained from the hemolymph by gel filtration. 
significant fraction, Fraction II, obtained by gel filtration from the larval hemolymph and 
the standard ,8 -galactosidase seemed to be separated clearly by the 2-D PAGE method, 
and that the method would be particularly suitable in studying the proteomic analysis of 
the Bombyx humoral lectin related proteins. However, further study is necessary for ob-
taining distinct profile of 2 D-PAGE from the fat body of the B. mori. Moreover, further 
study is needed from various points ofview about the Bombyx humoral lectin and the en-
zymes relating to the lectin activity, such as neuraminidase and galactosidase, in view of 
their significance to the living body. 
SUMMARY 
Comparative study of two-dimensional polyacrylamide gel electrophoresis (2 D-
PAGE) was performed on the hemolymph and the fat body of the domesticated silkworm, 
Bombyx mori. The result showed that both the larval hemolymph on day 10 in the fifth 
instar and the pupal hemolymph on day 3 after pupation were obtained distinct 2 D-
PAGE profiles. However, faint 2 D-PAGE profiles were obtained for both the larval fat 
body and the pupal fat body. Similar results were obtained on the Fraction II from the 
larval hemolymph and from the larval fat body, i.e., clearer 2-D PAGE profile of Fraction 
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II was obtained from the larval hemolymph than the larval fat body. 
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